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Description

BACKGROUND OF THE INVENTION

Field of the Invention:

[0001] This invention relates to an insulated wire used in the manufacture of a coil, such as a deflection yoke for a
television, or computer display unit, and more particularly, to a self-bonding insulated wire having a self-bonding layer
as its outermost layer.

Description of the Related Art:

[0002] A self-bonding insulated wire has a bonding outermost layer formed on a conductor, or on an insulating layer
on the conductor. A self-supporting coil can easily be formed from it if, after coiling, its bonding outermost layer is
melted or swollen by e.g. electrical heating, hot air blowing, or solvent treatment to fuse every two adjoining turns of
the wire together. Therefore, this kind of insulated wire does not require any step of impregnation with an insulating
varnish, or the like, but makes it possible to realize an improved productivity in the manufacture of a coil for an electric
apparatus and a reduction of its cost, and has come to be widely used as a magnet wire for a domestic electric appliance,
OA apparatus, or other electric equipment. The self-bonding insulated wire typically comprises a conductor, an insu-
lating layer formed thereon by repeating a plurality of times the application and baking of an insulating varnish, such
as a polyurethane, or polyesterimide varnish, and a bonding outermost layer formed thereon by applying and baking
a bonding varnish. It has been usual to employ, for example, an epoxy resin varnish, or a copolyamide resin varnish
as the bonding varnish. A self-bonding insulated wire made by using a polyamide resin varnish as the bonding varnish
is particularly widely used owing to a good bonding strength exhibited by a coil formed from it by winding, bonding and
press molding.

[0003] There is a demand for a self-bonding insulated wire having a high resistance to heat deformation even at a
high temperature to make a small, heat-resistant high-voltage and high-frequency coil having an improved space factor
for an electric apparatus. A deflection yoke for a television, or computer display unit, among others, requires as a high-
definition and high-frequency part thereof a coil which can resist heat (at a temperature of at least 105°C at present,
but at least 120°C in the future) without making any change in dimensions, or a coil which hardly makes any change
in dimensions as formed, but is close in dimensions to a winding die. Thus, there is a strong demand for a self-bonding
insulated wire which has high levels of heat deformation resistance and bonding strength at a high temperature, and
can form a coil which is substantially free from any deformation.

[0004] A conventional self-bonding insulated wire having a bonding layer formed from an epoxy resin varnish can
make a coil which is hardly deformed, but is close in dimensions to a winding die. This coil has, however, an undesirably
low level of bonding strength and a heat deformation temperature which is as low as 90°C.

[0005] A conventional self-bonding insulated wire having a bonding layer formed from a copolyamide resin varnish
can make a coil having a good bonding strength and a heat deformation temperature which is as high as 120°C. Upon
cooling to room temperature, however, the coil is deformed and becomes larger than the size defined by the winding
die, and its deformation causes it to be distorted. If such a coil is used as a part of a deflection yoke in a high-definition
display unit, or the like, it is likely to return from its distorted form and thereby cause misconvergence to occur on the
screen.

[0006] A conventional self-bonding insulated wire made by applying and baking a polyamide resin varnish on an
insulated wire calls for a considerably strictly controlled baking job, since its properties are greatly dependent on the
baking conditions, and the resin forming its bonding layer is easily decomposed if its baking temperature is higher than
usual. A coil formed from a self-bonding insulated wire having a partly decomposed resin layer is heavily deformed by
springback immediately after its formation, as compared with a normal one. A deformed deflection coil is difficult to
incorporate in e.g. a television, or computer display unit. Moreover, the deformation of the coil by the heat resulting
from the use of e.g. a display unit causes misconvergence to occur on the screen.

[0007] The use of a self-bonding resin having a higher level of heat resistance (or a higher softening temperature)
has been proposed to overcome the problems as pointed out above, but the higher heat resistance requires a higher
bonding temperature for satisfactory bonding, and thereby brings about an increase of energy consumption and the
heat deterioration of the insulating layer. Japanese Patent Application Laid-Open No. Hei 7-182929, for example, dis-
closes a bonding varnish comprising 100 parts by weight of a copolyamide resin, and 5 to 50 parts by weight of nylon
12 having a specific relative viscosity. The presence of at least 5 parts by weight of nylon 12, however, has an adverse
effect on the copolyamide resin, and is particularly undesirable as it brings about a lower bonding strength. It has also
been found that a coil formed from a self-bonding insulated wire having a bonding layer composed of the proposed
varnish is inferior in dimensional accuracy (or closeness in dimensions to the winding die used) and distorting resistance
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to a coil of a wire having a bonding layer of an epoxy resin.

[0008] US-A-3 975 571 relates to a self-bonding magnet wire comprising a conductor and a baked mixture of nylon
copolymer (A) and nylon copolymer (B), wherein the proportion of nylon copolymer (A) and nylon copolymer (B) is
50-95 parts of (A) to 50 to 5 parts of (B) (by weight). The nylon copolymer (A) being alcohol-insoluble and non-swellable
by an alcohol at room temperature and containing nylon-12, and nylon copolymer (B) having a lower melting point than
that of nylon copolymer (A).

SUMMARY OF THE INVENTION

[0009] Under these circumstances, it is an object of this invention to provide a self-bonding insulated wire which can
be formed by winding, bonding and press molding into a coil close in dimensions to a die used for its winding, and
having a high resistance to heat deformation at an elevated temperature, and a high bonding strength.

[0010] It is another object of this invention to provide a self-bonding insulated wire having a bonding layer formed
by applying and baking a varnish consisting mainly of a polyamide resin without causing the polyamide resin to be
decomposed, so that a coil formed from the wire may not undergo any heat deformation when exposed to a high
temperature.

[0011] These objects are attained by a self-bonding insulated wire having a bonding outermost layer formed from a
resin composition comprising 100 parts by weight of a copolyamide resin having a melting point of 105°C to 150°C,
or a mixture of two or more such resins, and at least two, but less than 10 parts by weight of a high-melting nylon resin
having a melting point of 200°C to 300°C. The self-bonding insulated wire of this invention has a high bonding strength
and a high resistance to heat deformation owing to the copolyamide resin forming its bonding layer, and can be formed
into a coil not appreciably deformed, but close in dimensions to a die used for its winding, as a wire having a bonding
layer of an epoxy resin can. The melting points of the polyamide and nylon resins are as determined by DSC (differential
scanning calorimetry).

[0012] The copolyamide resin is obtained by the copolymerization of two or more kinds of nylon homopolymers. The
copolyamide resin used for the purpose of this invention has a melting point of 105°C to 150°C. The lower limit of
105°C is essential, since this kind of wire is already required to have a sufficiently high level of heat resistance to
withstand a temperature of at least 105°C, and the upper limit of 150°C is essential, since the wire has its insulating
layer deteriorated by heat if it is heated at a temperature over 150°C for melting the resin. Specific examples of the
commercially available copolyamide resins are X7079, T-170, T-250, T-350, T-430, T-450, T-470 and T-550 of Daicel-
Huls Ltd., and H-005, H-104, H-105, H-106, M-1186, M-1259, M-1422 and M-1425 of Nippon Rilsan Co., Ltd.

One of these, or an appropriate combination thereof may be employed.

[0013] Nylon 66 and nylon 46 are specific examples of the high-melting nylon resins having a melting point of 200°C
to 300°C. Nylon 6 is another high-melting nylon resin, but nylon 66 or 46 is preferred, since nylon 6 is less suitable for
a wire for a coil which is not deformed.

[0014] The high-melting nylon resin having a melting point of 200°C to 300°C is used in the amount of at least two,
but less than 10 parts by weight with 100 parts by weight of the copolyamide resin so as not to exert any adverse effect
on the copolyamide resin. The addition of the high-melting resin in the amount of 10 parts by weight, or more seriously
lowers the bonding property of the copolyamide resin, and in this connection, the preferred amount of the high-melting
resin is not more than five parts by weight. It is a resin having a melting point of at least 200°C that is effective when
its amount is limited as stated above. On the other hand, a resin having a melting point over 300°C is too poorly soluble
in an organic solvent for easy and efficient preparation of any varnish.

[0015] The copolyamide resin is preferably of the type that its terminal carboxyl groups have a lower molar ratio than
its terminal amino groups, so that no decomposition of the polyamide resin may occur during the formation of the
bonding layer, and so that a coil formed from the wire may not be deformed when exposed to a high temperature. The
preferred molar ratio of its terminal carboxyl: amino groups is from 20: 80 to 0:100. The polyamide resin which has
hitherto been used as a molding material is of the type that its terminal carboxyl groups have a higher molar ratio than
its terminal amino groups, so that the resin may not easily be colored, while it is easy to manufacture. This type of resin
is, however, easily decomposed at a high temperature, and if it is used to form a bonding layer on a self-bonding
insulated wire, it is easily decomposed when it is baked. Coloring does not present any problem to a resin used to form
a bonding layer on a self-bonding insulated wire, as opposed to a resin used as a molding material. If a polyamide
resin containing a lower molar ratio of terminal carboxyl groups than terminal amino groups is used for a varnish for
forming a bonding layer, the layer is easier to form, since a higher temperature can be employed for baking the resin
without decomposing it, whereby an improved productivity can be achieved. A wire having such a bonding layer can
make a coil having a good resistance to heat deformation at a high temperature. No such result can be obtained if the
polyamide resin contains a higher molar ratio of terminal carboxyl groups than terminal amino groups. The terminal
carboxyl groups in the polyamide resin preferably have a molar ratio of 20% or less relative to the total of the terminal
carboxyl and amino groups. The polyamide resin containing a lower molar ratio of terminal carboxyl groups than terminal
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amino groups exhibits a high heat resistance for some reason that is not clear, but probably because the lower ratio
of the terminal carboxyl groups makes less likely the decomposition of the resin by acid at room or elevated temperature.
[0016] The polyamide resin is a product formed by, for example, the polymerization of lactams, or the polymerization
of dibasic acid and diamine. A combination of two or more such resins can be used as a copolyamide resin. Examples
of the polyamide resins are a copolyamide resin composed of aliphatic polyamide homopolymers, or monomer units,
a copolyamide resin composed of aliphatic and alicyclic polyamide monomer units, and a copolyamide resin comprising
aromatic polyamide homopolymers, or monomer units. Specific examples of the aliphatic polyamides are Daiamid 450
and Daiamid 470 of Daicel-Huls Ltd., and M-1186 and H-105 of NIHON RILSAN K.K..

H-104, M-1422 and M-1425 of NIHON RILSAN K.K.. are examples of the copolyamide resins formed from the aliphatic
and alicyclic polyamide monomer units. T-3000 and T-5000 of Daicel-Huls Ltd. are examples of the copolyamide resins
comprising aromatic polyamide monomer units. While these examples are not intended for limiting the polyamide resin
used in making a self-bonding insulated wire according to this invention, it is advisable to select an adequate one for
the purpose for which the wire, or a coil thereof will be used. A 0.5% m-cresol solution of the polyamide resin preferably
has a relative viscosity of 1.4 to 2.0 at 25°C. A polyamide resin having a relative viscosity of less than 1.4 has too low
amolecular weight to produce any improved result in preventing any such deformation at room or elevated temperature
as mentioned above. A polyamide resin having a relative viscosity exceeding 2.0 is suitable for use in achieving an
improved resistance to heat deformation, but has so high a molecular weight that a varnish prepared from it is too
viscous to be easily and efficiently applicable onto a conductor.

[0017] The varnish used for forming the bonding layer of the self-bonding insulated wire according to this invention
is prepared by dissolving the polyamide resin in an organic solvent. Any organic solvent can be used if it is a good
solvent for the polyamide resin. It is, however, preferable to use a solvent having a phenolic hydroxyl group or groups,
such as phenol, o-cresol, m-cresol, p-cresol, 2, 3-xylenol, 2, 4-xylenol, 2, 5-xylenol, 2, 6-xylenol, 3, 4-xylenol, 3, 5-xy-
lenol, o-n-propylphenol, 2, 4, 6-trimethylphenol, 2, 3, 5-trimethylphenol, 2, 4, 5-trimethylphenol, 4-ethyl-2-methylphenol
or 5-ethyl-2-methylphenol, or cresylic acid as a mixture thereof. As a diluent, it is possible to use, for example, any of
aliphatic or aromatic hydrocarbons, ethers, acetals, ketones and esters. Examples of the aliphatic and aromatic hy-
drocarbons are n-heptane, n-octane, cyclohexane, decalin, dipentene, pinene, dodecane, tetradecane, benzene, tol-
uene, xylene, ethylbenzene, diethylbenzene, isopropylbenzene, acylbenzene, p-cymene and tetralin, and mixtures
thereof, and petroleum, coal tar or solvent naphtha.

[0018] The varnish may be of any concentration if it is properly applicable onto a conductor, but the use of a varnish
having a lower concentration is preferred for a conductor having a smaller thickness so that it may not be broken during
the application of the varnish.

[0019] The varnish may further contain an appropriate lubricant to impart lubricating property to the wire surface.
The lubricant can be selected from among, for example, polyolefins such as low-density, high-density and medium-
density polyethylenes, polypropylene, polybutylene, polymethylpentene and an ethylene-propylene copolymer; fluor-
oresins such as polytetrafluoroethylene, a tetrafluoro-ethylene-hexafluoropropylene copolymer, a tetrafluoroethylene
ethylene copolymer and polyvinylidene fluoride; and waxes such as solid paraffin, microcrystalline wax, carnauba wakx,
bees wax, montan wax, ozokerite, ceresin, Japan wax, candelilla wax, shellac wax, spermaceti and enolin, and mixtures
thereof.

[0020] The self-bonding insulated wire has its bonding outermost layer formed by applying and baking the above
varnish on the conductor directly, or after forming an insulating layer thereon. The varnish is applied continuously by
e.g. die squeezing, and baked in a heating enameling oven having a temperature of 250°C to 500°C to form a bonding
layer having a thickness of 0.005 to 0.015 mm.

[0021] A coil which can be formed from the self-bonding insulated wire of this invention is free from any defective
bending causing its loosening, can be left to stand at room temperature without becoming undesirably distorted, or
deformed from its dimensions and shape as defined by the die used for its winding, and also has a high resistance to
heat deformation at an elevated temperature. The coil is, therefore, particularly useful as, say, a deflection yoke for a
television, since it is easy to incorporate in the television, and is not so affected by heat to cause any misconvergence
on its screen.

Brief Description of the Drawings:
[0022]

Figure 1 is a schematic perspective view of a coil formed from a self-bonding insulated wire by winding, bonding
and press molding;

Figure 2 is a schematic front elevational view of the coil which is used for indicating its dimensions including its
neck diameter;

Figure 3 is a schematic view of the coil which is used for explaining a method of determining its distortion; and
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Figures 4(a) and 4(b) are schematic views of the coil which are used for explaining a method of measuring the
bonding strength bearing on its end at which its winding was started.

Best Mode of Carrying Out the Invention:

[0023] Theinvention will now be described more specifically by way of examples embodying it, as well as comparative
examples representing the prior art. It is, however, to be understood that these examples are merely illustrative, and
are not intended for limiting the scope of this invention. In the following description, "%" and "parts" are on a weight
basis unless otherwise noted.

Example 1:

[0024] A bonding varnish having a resin content of 18% was prepared by dissolving 100 parts of X7079 of Daicel-
Huls Ltd. having a melting point of 130°C as a copolyamide resin and 5 parts of A-100 of Unitica, which was nylon 66
having a melting point of 260°C, as a high-melting nylon resin, in a mixed solvent consisting of cresol and xylene in a
weight ratio of 70:30. The varnish was applied onto an insulated polyesterimide wire having a conductor diameter of
0.250 mm and a final outside diameter of 0.290 mm, and baked in an enameling oven having a length of 3 m and a
temperature of 300°C, while the wire was fed therethrough at a speed of 36 m/min. Its application and baking were
repeated three times to form a bonding layer having a thickness of 0.010 mm on the wire, and thereby make a self-
bonding insulated wire embodying this invention.

Example 2:

[0025] A self-bonding insulated wire embodying this invention was made by employing 2 parts of nylon 66, and
otherwise repeating Example 1.

Example 3:

[0026] A self-bonding insulated wire embodying this invention was made by employing 9 parts of nylon 66, and
otherwise repeating Example 1.

Example 4:

[0027] A self-bonding insulated wire embodying this invention was made by employing 5 parts of F5000 of Unitica,
which was nylon 46 having a melting point of 290°C, as the high-melting nylon resin, and otherwise repeating Example 1.

Example 5:

[0028] A self-bonding insulated wire embodying this invention was made by employing 5 parts of A1030JR of Unitica,
which was nylon 6 having a melting point of 210°C, as the high-melting nylon resin, and otherwise repeating Example 1.

Comparative Example 1:

[0029] A bonding varnish having a resin content of 18% was prepared by dissolving X7079 of Daicel-Huls Ltd. having
a melting point of 130°C as the copolyamide resin in a mixed solvent consisting of cresol and xylene in a weight ratio
of 70:30. A self-bonding insulated wire representing the prior art was made by employing the varnish and otherwise
repeating Example 1.

Comparative Example 2:

[0030] A self-bonding insulated wire representing the prior art was made by employing 15 parts of A-100 of Unitica
as the high-melting nylon resin, and otherwise repeating Example 1.

Comparative Example 3:

[0031] A self-bonding insulated wire representing the prior art was made by employing PKHH, an epoxy resin of
Union Carbide, instead of the copolyamide resin, and otherwise repeating Comparative Example 1.
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Comparative Example 4:

[0032] A self-bonding insulated wire representing the prior art was made by employing 5 parts of L1500 of Daicel-
Huls Ltd., nylon 12 having a melting point of 180°C, as the high-melting nylon resin, and otherwise repeating Example 1.

Comparative Example 5:

[0033] A self-bonding insulated wire representing the prior art was made by employing 20 parts of nylon 12, and
otherwise repeating Comparative Example 4.

[0034] Figure 1 shows a schematic perspective view of a coil formed from a self-bonding insulated wire by winding,
bonding and press-molding. Reference numeral 1 relates to the winding, reference numeral 2 relates to the upper
flange and reference numeral 3 relates to the lower flange. The end portion of wire at which its winding was started
has the reference numeral 11, and the end portion of wire at which its winding was finished is indicated with the reference
numeral 12.

[0035] Infigure 2, a schematic front elevational view of the coil is shown, wherein its dimensions are indicated. Upper
flange 2 has an upper flange diameter d,. A neck 6 of winding 1 has a neck diameter d,,. Lower flange 3 has a lower
flange diameter d,. The coil has a height h. In figure 3 a schematic view of the coil is shown for explaining a method of
determining its distortion. With reference to a horizontal plane 4 the amount of twist a,;s; is shown. In figures 4 (a) and
4 (b) schematic views of the coil are shown for explaining a method of measuring the bonding strength bearing on its
end at which its winding was started. More specifically, figure 4 (a) shows the end of wire 11, at which its winding was
started, and the end of wire 12, at which its winding was finished. In figure 4 (b) the end of wire 11, at which its winding
was started, is shown and a tension gauge is given reference numeral 5.

[0036] Each of the wires made as described in Examples 1 to 5 and Comparative Examples 1 to 5 was used to form
a coil shaped as shown in Figures 1 and 2, and having an upper flange diameter of 51 mm, a lower flange diameter
of 122 mm, a height of 70 mm and a neck diameter of 40.5 to 41.0 mm. Three winding bobbins were installed in a
winding machine. A deflection coil was made by winding each wire having a diameter of 0.25 mm by 220 turns, melting
its bonding layer and press molding it in the winding machine set for operation with three seconds of application of an
electric current at a voltage of 190 V, 15 seconds of pressing for cooling, and a die temperature of 40°C. The coil
removed from the die was left to stand at room temperature for 24 hours, and its neck diameter, the amount of its
distortion and the bonding strength of the wire at its end at which its winding had been started were determined in the
ways as shown in Figures 2 to 4(b). Then, the coil was left to stand in an oven having a constant temperature of 120°C
for 24 hours, and after its removal to room temperature, it was checked for any change in its neck diameter. The results
are shown in Table 1.
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[0037] As is obvious from Table 1, the coil of the wire according to Comparative Example 1 not containing any high-
melting nylon resin in its bonding layer had a larger neck diameter as formed than that of the die, and a large amount
of distortion, though the wire had a high bonding strength and the coil did not show any substantial deformation by
heat. The coil of the wire according to Comparative Example 2 containing 15 parts of high-melting nylon resin in the
bonding varnish was found loosened due to the low bonding strength of the wire, though it showed a satisfactorily small
amount of deformation and distortion as formed, and also a satisfactorily small amount of heat deformation. The coil
of the wire according to Comparative Example 3 as made by using an epoxy varnish as the bonding varnish was found
loosened due to the lack of the wire in bonding strength, and also showed a large amount of heat deformation, though
it showed a satisfactorily small amount of deformation and distortion as formed. The coil of the wire according to
Comparative Example 4 as made by using a high-melting nylon resin having a melting point lower than 200°C showed
some improvements in its neck diameter and distortion as formed, but it still failed to reach the target levels. The coil
of the wire according to Comparative Example 5 was found loosened due to the lack of the wire in bonding strength
despite the use of a larger amount of high-melting nylon resin having a melting point lower than 200°C. On the other
hand, the coils formed from the self-bonding insulated wires according to Examples 1 to 5 of this invention were free
from any appreciable loosening due to defective bonding, and were close in dimensions to the winding die after having
been left to stand at room temperature, and also showed a high resistance to heat deformation at an elevated temper-
ature of 120°C.

Example 6:

[0038] A bonding varnish having a resin content of 18% was prepared by dissolving a polyamide resin A having a
molar ratio of terminal carboxyl : amino groups of 20:80, a relative viscosity of 1.7 as determined in a 0.5% m-cresol
solution thereof at 25°C and a melting point of 110°C as determined by DSC (Daiamid 470-1 of Daicel-Hiils Ltd.) in a
mixed solvent consisting of cresol and xylene in a weight ratio of 70:30. The varnish was applied onto an insulated
polyesterimide wire having a conductor diameter of 0.250 mm and a final outside diameter of 0.290 mm, and baked
in an enameling oven having a length of 3 m and a temperature of 300°C, while the wire was fed therethrough at a
speed of 36 m/min. Its application and baking were repeated three times to form a bonding layer having a thickness
of 0.010 mm on the wire, and thereby make a self-bonding insulated wire embodying this invention.

[0039] The molar ratio of the terminal carboxyl and amino groups in the polyamide resin was calculated from their
concentrations which had been determined as described below. The concentration of the terminal amino groups was
determined by dipping 0.1 to 0.5 g of a sample in 50 ml of a mixed solvent consisting of phenol and methanol in a
volume ratio of 10:1, leaving it to stand for 12 hours, stirring it for several hours to dissolve it at room temperature, and
subjecting the sample solution to automatic titration for reacting it with a 0. 01N methanol solution of HCI to determine
the concentration of the NH, groups in the sample solution. The concentration of the terminal carboxyl groups was
determined by preparing a sample solution in the same way as described above, and subjecting it to automatic titration
for reacting it with a 0.01N methanol solution of NaOH.

Example 7:

[0040] A self-bonding insulated wire embodying this invention was made by employing an enameling oven temper-
ature of 330°C and otherwise repeating Example 6.

Example 8:

[0041] A self-bonding insulated wire embodying this invention was made by employing an enameling oven temper-
ature of 360°C and otherwise repeating Example 6.

Example 9:

[0042] A self-bonding insulated wire embodying this invention was made by employing a polyamide resin B having
a molar ratio of terminal carboxyl : amino groups of 20:80, a relative viscosity of 1.7 as determined in a 0.5% m-cresol
solution thereof at 25°C and a melting point of 125°C as determined by DSC (M-1422-1 of NIHON RILSAN K.K..) and
otherwise repeating Example 6.

Example 10:

[0043] A self-bonding insulated wire embodying this invention was made by employing the polyamide resin B as
described above and otherwise repeating Example 7.
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Example 11:

[0044] A self-bonding insulated wire embodying this invention was made by employing the polyamide resin B as
described above and otherwise repeating Example 8.

Comparative Example 6:

[0045] A self-bonding insulated wire representing the prior art was made by employing a polyamide resin C having
a molar ratio of terminal carboxyl : amino groups of 80:20, a relative viscosity of 1.7 as determined in a 0.5% m-cresol
solution thereof at 25°C and a melting point of 110°C as determined by DSC (Daiamid 470-2 of Daicel-Hils Ltd.) and
otherwise repeating Example 6.

Comparative Example 7:

[0046] A self-bonding insulated wire representing the prior art was made by employing the polyamide resin C as
described above and otherwise repeating Example 7.

Comparative Example 8:

[0047] A self-bonding insulated wire representing the prior art was made by employing the polyamide resin C as
described above and otherwise repeating Example 8.

Comparative Example 9:

[0048] A self-bonding insulated wire representing the prior art was made by employing a polyamide resin D having
a molar ratio of terminal carboxyl : amino groups of 80:20, a relative viscosity of 1.7 as determined in a 0.5% m-cresol
solution thereof at 25°C and a melting point of 125°C as determined by DSC (M-1442-2 of NIHON RILSAN K.K..) and
otherwise repeating Example 9.

Comparative Example 10:

[0049] A self-bonding insulated wire representing the prior art was made by employing the polyamide resin D as
described above and otherwise repeating Example 10.

Comparative Example 11:

[0050] A self-bonding insulated wire representing the prior art was made by employing the polyamide resin D as
described above and otherwise repeating Example 11.

Comparative Example 12:

[0051] A self-bonding insulated wire representing the prior art was made by employing a polyamide resin E having
a molar ratio of terminal carboxyl : amino groups of 20:80, a relative viscosity of 1.3 as determined in a 0.5% m-cresol
solution thereof at 25°C and a melting point of 110°C as determined by DSC (Daiamid 431 of Daicel-Huls Ltd.) and
otherwise repeating Example 6.

[0052] Each of the wires made as described in Examples 6 to 11 and Comparative Examples 6 to 12 was used to
form a coil shaped as shown in Figures 1 and 2, and having an upper flange diameter of 51 mm, a lower flange diameter
of 122 mm, a height of 70 mm and a neck diameter of 40.5 to 41.0 mm. Three winding bobbins were installed in a
winding machine. A deflection coil was made by winding each wire having a diameter of 0.25 mm by 220 turns, melting
its bonding layer and press molding it in the winding machine set for operation with three seconds of application of an
electric current at a voltage of 190 V, 15 seconds of pressing for cooling, and a die temperature of 40°C. The coil
removed from the die was left to stand at room temperature for 24 hours, and its neck diameter, the amount of its
distortion and the bonding strength of the wire at its end at which its winding had been started were determined in the
ways as shown in Figures 2 to 4 (b). Then, each coil was left to stand in an oven having a constant temperature of
110°C, 120°C or 130°C for 24 hours, and after its removal to room temperature, it was checked for any change in its
neck diameter. The results are shown in Table 2.
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[0053] As is obvious from Table 2, the coils of the wires according to Comparative Examples 6 to 8 and 9 to 11 each
having a bonding layer formed from a polyamide resin varnish containing a lower molar ratio of terminal amino groups
showed a worse degree of heat deformation with a rise in enameling oven temperature. A large increase in neck
diameter was found in the coil of the wire according to Comparative Example 12 as made by employing a polyamide
resin varnish having a low relative viscosity. On the other hand, the coils of the wires according to Examples 6 to 11
each having a bonding layer formed from a polyamide resin varnish having a higher molar ratio of terminal amino
groups and an adequate relative viscosity did not show any substantial change in neck diameter, nor did they show
any appreciable change in their good resistance to heat deformation irrespective of the enameling oven temperature
varied in the range of 300°C to 360°C.

Example 12:

[0054] A self-bonding insulated wire embodying this invention was made by employing 100 parts of polyamide resin
B and 5 parts of A-100 of Unitica, nylon 66 having a melting point of 260°C, as a high-melting nylon resin to prepare
a bonding varnish and otherwise repeating Example 9.

Example 13:

[0055] A self-bonding insulated wire embodying this invention was made by employing an enameling oven temper-
ature of 330°C and otherwise repeating Example 12.

Example 14:

[0056] A self-bonding insulated wire embodying this invention was made by employing an enameling oven temper-
ature of 360°C and otherwise repeating Example 12.

Example 15:

[0057] A self-bonding insulated wire embodying this invention was made by employing 100 parts of polyamide resin
D and 5 parts of A-100 of Unitica, nylon 66 having a melting point of 260°C, as a high-melting nylon resin to prepare
a bonding varnish and otherwise repeating Comparative Example 9.

Example 16:

[0058] A self-bonding insulated wire embodying this invention was made by employing an enameling oven temper-
ature of 330°C and otherwise repeating Example 15.

Example 17:

[0059] A self-bonding insulated wire embodying this invention was made by employing an enameling oven temper-
ature of 360°C and otherwise repeating Example 15.

[0060] Each of the wires made as described in Examples 12 to 17 was used to form a coil shaped as shown in
Figures 1 and 2, and having an upper flange diameter of 51 mm, a lower flange diameter of 122 mm, a height of 70
mm and a neck diameter of 40.5 to 41.0 mm. Three winding bobbins were installed in a winding machine. A deflection
coil was made by winding each wire having a diameter of 0.25 mm by 220 turns, melting its bonding layer and press
molding it in the winding machine set for operation with three seconds of application of an electric current at a voltage
of 190 V, 15 seconds of pressing for cooling, and a die temperature of 40°C. The coil removed from the die was left to
stand at room temperature for 24 hours, and its neck diameter, the amount of its distortion and the bonding strength
of the wire at its end at which its winding had been started were determined in the ways as shown in Figures 2 to 4(b).
Then, each coil was left to stand in an oven having a constant temperature of 110°C, 120°C or 130°C for 24 hours,
and after its removal to room temperature, it was checked for any change in its neck diameter. The results are shown
in Table 3.

11
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[0061] Asis obvious from Table 3, the coils of the wires each having a bonding layer formed from the varnish prepared
by adding a high-melting nylon resin to a polyamide resin having a higher molar ratio of terminal amino groups and an
appropriate relative viscosity (Examples 12 to 14) showed a still smaller change in neck diameter and a still better
resistance to heat deformation than the coils of the wires having their bonding layers formed from varnishs not con-
taining any high-melting nylon resin. The polyamide resin employed in Examples 15 to 17 had a lower molar ratio of
terminal amino groups, but the addition of a high-melting nylon resin made it possible to form a satisfactory bonding
layer on each of the wires according to Examples 15 to 17. The coils of those wires showed a smaller change in neck
diameter and a better resistance to heat deformation than the coils of wires having their bonding layers formed from
varnishes not containing any high-melting nylon resin.

Claims

1. A self-bonding insulated wire having a bonding outermost layer formed from a resin composition comprising 100
parts by weight of a copolyamide resin having a melting point of 105°C to 150°C, or a mixture of two or more such
resins, and at least two, but less than 10 parts by weight of a high-melting nylon resin having a melting point of

200°C to 300°C.

2. A self-bonding insulated wire as set forth in claim 1, wherein said high-melting nylon resin is a nylon resin having
a melting point of at least 230°C.

3. A self-bonding insulated wire as set forth in claim 1, wherein said high-melting nylon resin is nylon 66.
4. A self-bonding insulated wire as set forth in claim 1, wherein said high-melting nylon resin is nylon 46.

5. A self-bonding insulated wire as set forth in any of claims 1 to 4, wherein said copolyamide resin is a polyamide
resin containing a lower molar ratio of terminal carboxyl groups than terminal amino groups.

6. A self-bonding insulated wire as set forth in claim 5, wherein said ratio of said carboxyl : amino groups is from 20:
80 to 0:100.

Patentanspriiche

1. Selbstbindender isolierter Draht mit einer bindenden AuRenschicht aus einer Harzzusammensetzung umfassend
100 Gewichtsteile eines Copolyamidharzes mit einem Schmelzpunkt von 105°C bis 150°C oder eines Gemisches
aus zwei oder mehr dieser Harze sowie wenigstens zwei, jedoch weniger als 10 Gewichtsteilen eines hochschmel-

zenden Nylonharzes mit einem Schmelzpunkt von 200°C bis 300°C.

2. Selbstbindenderisolierter Draht nach Anspruch 1, wobei das hochschmelzende Nylonharz ein Nylonharz mit einem
Schmelzpunkt von wenigstens 230°C ist.

3. Selbstbindender isolierter Draht nach Anspruch 1, wobei es sich bei dem hochschmelzenden Nylonharz um Nylon
66 handelt.

4. Selbstbindender isolierter Draht nach Anspruch 1, wobei es sich bei dem hochschmelzenden Nylonharz um Nylon
46 handelt.

5. Selbstbindender isolierter Draht nach einem der Anspriiche 1 bis 4, wobei das Copolyamidharz ein Polyamidharz
mit einem geringeren molaren Anteil an Carboxyl- als an Amino-Endgruppen ist.

6. Selbstbindender isolierter Draht nach Anspruch 5, wobei das Verhaltnis zwischen den Carboxyl- zu Amino-Grup-
pen zwischen 20:80 und 0:100 liegt.

Revendications

1. Cable isolé auto-fusible comportant une couche de liaison la plus externe formée a partir d'une composition de

13
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résine comprenant 100 parties en poids d'une résine copolyamide ayant un point de fusion compris entre 105 °C
et 150 °C, ou un mélange de deux résines de ce genre ou plus, et au moins deux, mais moins de 10 parties en
poids d'une résine nylon a point de fusion élevé ayant un point de fusion compris entre 200°C et 300°C.

Cable isolé auto-fusible selon la revendication 1, dans lequel ladite résine nylon a point de fusion élevé est une
résine nylon ayant un point de fusion d'au moins 230 °C.

Céable isolé auto-fusible selon la revendication 1, dans lequel ladite résine nylon a point de fusion élevé est du
nylon 66.

Cable isolé auto-fusible selon la revendication 1, dans lequel ladite résine nylon a point de fusion élevé est du
nylon 46.

Cable isolé auto-fusible selon I'une quelconque des revendications 1 a 4, dans lequel ladite résine copolyamide
est une résine polyamide contenant un rapport molaire des groupes carboxyle terminaux inférieur a celui des

groupes amino terminaux.

Cable isolé auto-fusible selon la revendication 5, dans lequel ledit rapport groupes carboxyle sur groupes amino
est compris entre 20:80 et 0:100.

14
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Fig. 1
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